Supplementary text: Analytical methods
Samples were sawn from the altered and weathered rims, and then crushed to small blocks. Fresh blocks were picked and powdered to 200 meshes in an agate mill. Zircons were separated from the crushed samples using standard density and magnetic separation techniques. They were handpicked carefully under a binocular microscope and mounted in epoxy resin, which were then polished until the grain centers were exposed. A zircon standard 91500, together with an in-house standard Qinghu, was mounted with zircon separates. Zircons were documented with transmitted and reflected light micrographs as well as cathodoluminescence (CL) images to reveal their internal structures, and the mount was vacuum-coated with high-purity gold prior to secondary ion mass spectrometry (SIMS) analysis. All analyses in this study were conducted at the Institute of Geology and Geophysics, Chinese Academy of Sciences (IGGCAS).
Whole rock major and trace elements
Whole rock major elements were measured by the X-Ray Fluorescence spectroscopy (XRF) method. About 0.5 g of sample powders were mixed with 5 g Li 2 B 4 O 7 to make glass beads, which were analyzed on an AXIOS Mineral Spectrometer. The uncertainty for major elements varies from 1% to 3%.
Whole rock trace elements were measured by the Inductively Coupled Plasma Mass Spectrometry (ICP-MS) method on an Agilent 7500a. The detailed procedure has been described previously by Yang et al. (2012) . About 50 mg powders were digested by a mixed acid of HNO 3 and HF in a Teflon vessel, which were heated within an oven at a temperature higher than 150 o C for at least 5 days. After driving the rest acid out of the vessels, the residues were changed to solutions, into which rhodium (Rh) was added as an internal standard. Two standards, i.e., BCR-1 and BHVO-2, were analyzed along with 3 samples, of which the accuracies were better than 5%.
Zircon U-Pb ages and Hf-O isotopes
Measurements of U, Th and Pb were conducted using the Cameca IMS-1280 SIMS.
U-Th-Pb ratios and absolute abundances were determined relative to the standard zircon 91500 (Wiedenbeck et al., 1995) , analyses of which were interspersed with those of unknown grains, using operating and data processing procedures similar to those described by Li et al. (2009) . A long-term uncertainty of 1.5% (1 RSD) for 206 Pb/ 238 U measurements of the standard zircons was propagated to the unknowns (Li et al., 2010a) , despite that the measured 206 Pb/ 238 U error in a specific session is generally around 1% (1 RSD) or less.
Measured compositions were corrected for common Pb using non-radiogenic 204 Pb.
Corrections are sufficiently small to be insensitive to the choice of common Pb composition, and an average of present-day crustal composition (Stacey and Kramers, 1975 ) is used for the common Pb assuming that the common Pb is largely surface contamination introduced during sample preparation. Uncertainties on individual analyses in data tables are reported at a 1 level; mean ages for pooled U/Pb (and Pb/Pb) analyses are quoted with 95% confidence interval. Data reduction was carried out using the Isoplot/Ex v. 2.49 program (Ludwig, 2001) . During the period of measurement, the in-house standard Qinghu was analyzed as an unknown to monitor the accuracy of data and gave a concordia age of 159.5±1.6 Ma, which is identical within uncertainty to the recommended value (159.5±0.7 Ma, Li et al., 2009 ).
Zircon oxygen isotopes were measured using CASIMS, with an analytical procedure given by Li et al. (2010b) . Oxygen isotopes were obtained on the same spots of zircon grains that were previously analyzed for U-Pb age determinations. The Cs + primary ion beam was accelerated at 10 kV, with an intensity of ca 2 nA. The spot size was about 20 µm in diameter. The normal incidence electron flood gun was used to compensate for sample charging. Negative secondary ions were extracted with a -10 kV potential. Oxygen 4 isotopes were measured using a multi-collection mode and the mass resolution used to measure oxygen isotopes was ca 2500. Zhang C et al. (2015) 
